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are specified in IS 15373 : 2003/ISO 4291 : 1985 'Method for the assessment of departure from 
roundness — Measurement of variations in radius'. 

In this adopted standard reference appears to certain International Standards for which Indian Standards 
also exist. The corresponding indian Standards, which are to be substituted in their place, are listed 
below along with their degree of equivalence for the editions indicated: 



International Standard 
ISO 4291 : 1985 

ISO 6318: 1985 



Corresponding Indian Standard 

IS 15373 : 2003 Methods for the assessment 
of departure from roundness — Measurement 
of variations in radius 

IS 15372 : 2003 Measurement of roundness — 
Terms, definitions and parameters of roundness 



Degree of Equivalence 
Identical 

do 



The text of ISO Standard has been approved as suitable for publication as an Indian Standard 
without deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear, referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma ( , ) has been used as a decimal marker in the International Standard while in Indian 
Standards, the current practice is to use a point ( . ) as the decimal marker. 

In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off; it shall be done in accordance with IS 2 : 1960 'Rules for 
rounding off numerical values ( revised)'. 
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Indian Standard 

METHODS FOR THE ASSESSMENT OF DEPARTURE 

FROM ROUNDNESS — MEASUREMENT BY TWO- 

AND THREE-POINT METHODS 



1 Scope and field of application 

This International Standard specifies methods of numerical 
assessment of out-of-roundness determined by the combi- 
nation of two- and three-point measurement : 

a) determination by means of two-point measurement 
(measurement of diameters) ; 

b) determination by means of three-point measurement, 
summit (symmetrical or asymmetrical setting) ; 

c) determination by means of three-point measurement, 
rider (symmetrical setting). 

Any statement regarding an out-of-round section is incomplete 
unless the extent and nature of the departures from roundness 
are given. Methods for making such descriptions and 
evaluating them are specified in ISO 429t. 

For routine or in-process inspection, the procedure specified in 
ISO 4291 may either be needlessly accurate or the items to be 
inspected may be too large to be accommodated. 

The methods specified give faster and cheaper ways of assess- 
ing departures from roundness. This assessed value will deviate 
from the true value. The difference between the measured 
value and the true value can be estimated with the help of 
tables 2 to 8, assuming that the undulation numbers are known 
and of sinusoidal nature. For non-sinusoidal undulations, a 
theory for estimating such deviations is not yet available. 



2 References 

ISO 4291, Methods for the assessment of departure from 
roundness — Measurement of variations in radius. 



ISO 6318, Measurement of roundness 
and parameters of roundness. 



Terms, definitions 



3 Definitions 

For the purpose of this International Standard, the definitions 
given in ISO 6318 and the following apply. 



3.1 two-point measurement: Measurement between 
coaxial anvils, one fixed and one moving in the direction of 
measurement. 

See figures 1 and 2. 

3.2 three-point measurement: Measurement between 
anvils, two fixed and one moving in the direction of measure- 
ment. 

See figures 3 to 8. 

3.2. 1 summit method : A three-point measurement in which 
the two fixed anvils are situated on one side and the measuring 
anvil is situated on the other side of the workpiece axis in the 
plane of measurement. 

See figures 3, 4, 6 and 7. 

3.2.2 rider method: A three-point measurement in which 
the two fixed anvils are situated on the same side as the 
measuring anvil in the plane of measurement. 

See figures 5 and 8. 

3.3 symmetrical (three-point) setting : A setting at which 
the direction of measurement coincides with the bisector angle 
between fixed anvils. 

See figures 3, 5, 6 and 8. 

3.4 asymmetrical (three-point) setting: A setting at 
which the direction of measurement constitutes an angle with 
the bisector angle between fixed anvils. 

See figures 4 and 7. 



4 Measurement 

In order to cover all possible form deviations and numbers of 
undulations, a complete measurement should always consist of 
one two-point measurement and two three-point measure- 
ments at different angles between fixed anvils. In this Inter- 
national Standard, several alternatives are given when choos- 
ing angles between fixed anvils (see table 1 ). The measurement 
procedures may, under certain preconditions, be amplified. 
See tables 2 to 4. 



IS 15374 
ISO 4292 



2003 
1985 



Table 1 — Angles between fixed anvils 



Symmetrical setting 


Asymmetrical setting 


Angle between 
fixed anvils, 

a 


Angle between 
fixed anvils, 

a 


Angle between 

direction of 

measurement 

and bisector of 

angle between 

fixed anvils, 

P 


90° and 120" 


120° 


60° 


72° and 108° 


60° 


30° 



The corrected value of the departure from roundness, d, is 
given by the equation 



3 = 



where 



F 



A is the measured departure from roundness — it is the 
largest value obtained from the preceding two or three com- 
binations of angles received in the required measurements ; 

F is the correction factor — it has a value extracted from 
tables 2 to 8 (as a first approximation, F may be given a 

value of 2). 

When measuring workpieces with a known even or odd 
number of undulations, the three-point measurement with 
symmetrical setting at 60° angles between fixed anvils may be 
used according to table 8. This angle is useful as it gives 
measured values of higher correction factors than the other 
angles in this International Standard. When using the 60° 
angle, the measured value shall be corrected with the factor F 
given in table 8. 



5 Evaluation of measurement errors 

Tables 5 to 7 give true factors F for any given number of 
sinusoidal undulations and measuring method. 

If the number of sinusoidal undulations is known, the calcula- 
tion of the departure from roundness is made by using the F 
factors directly from tables 5, 6, or 7 as indicated in tables 2, 3, 
or 4. 

It is not possible to calculate exactly the departure from round- 
ness if the number of undulations is unknown. In these cases a 
maximum, average and minimum value of S can be calculated 
from the equation in clause 4 using the largest A value and the 
factors obtained from tables 2, 3 or 4. 



There is a limit on the maximum number of undulations to be 
used when selecting F, according to whether the number of 
undulations is known and whether this number is an odd or 
even value. This precondition is shown in tables 2 to 4. 

For 90° and 120° settings, the limit is 22, which assumes that a 
greater number of undulations than this will not have any ap- 
preciable effect on the factor F. 

For 72° and 108° settings, the limit is determined by the fact 
that for 19 undulations the factor F cannot be determined. 

Factors F for three-point measurement, symmetrical setting, 
are given in table 8. 

NOTE — When using tables 5 to 8, other combinations of setting, 
besides those given in tables 2 to 4, can be made. 



6 Measuring conditions and instrument 

6.1 Measuring anvil static force 

The static measuring force should not exceed 1 N. The force 
should, preferably, be adjustable and set at the lowest value 
that will ensure continuous contact between anvil and the sur- 
face being measured. 

For thin-walled workpieces, a high measuring force may affect 
the measuring result. Therefore it is necessary to reduce the 
force to the minimum value possible. 



6.2 Measuring anvils 

Depending on the form of the object, the measuring anvil shall 
be selected from table 9, unless othenwise specified. 



6.3 Fixed anvils 

Point or line contact shall always be used. The following are 
recommended : 

— for external measurement: V-support with a small 
radius; the median plane of the V-support shall be In the 
same plane as the plane of measurement. 

— for internal measurement: sphere with a small radius; 
the median plane of the sphere shall be in the same plane as 
the plane of measurement. 



IS 15374 : 2003 
ISO 4292 : 1985 




Adjustable support 




Adjustable support 



Figure 1 — Two-point measurement 



Figure 2 — Two-point measurement 



180°. a 




Figure 3 — Three-point measurement — 
Summit method — Symmetrical setting 



180°-« 




Figure 4 — Three-point measurement — 
Summit method — Asymmetrical setting 




180°-« 




Figure 5 — Three-point measurement - 
Rider method — Symmetrical setting 



Figure 6 — Three-point measurement — 
Summit method — Symmetrical setting 



180°-a 




180°-a 




Figure 7 — Three-point measurement — 
Summit method — Asymmetrical setting 



Figure 8 — Three-point measurement — 
Rider method — Symmetrical setting 
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Table 2 — 90° and 120°, symmetrical setting 



^~~~--«~,^__^ Combination of 
"-■ — ^^ settings 
Number ^""""-—^^^^^^ 
of undulations, n^ ^^•—-,,..^^^ 


21) 
and 3S 90° 2) 
and 3S 120° 3> 


21) 
and 3R 90» 4) 
and 3R 120° 51 


2 1) 


3S 90° 2) 
and 3S 120° 31 


3R 90° 4> 
and 3R 120° 6) 


n^ unknown, but assumed to be 
2 < n^ < 22 


Factors F 


max. 2,41 
av. 1,95 
min. 1,00 


max. 2,41 
av. 1,98 
min. 1,00 




- 


- 


n^ even but unl<nown, but assumed 
to be 2 < flg < 22 


- 


- 


2,00 


max. 2,41 
av. 1,47 
min, 0,42 


max. 2,41 
av. 1,70 
mtn. 1,00 


«s odd but unknown, but assumed 
to be 3 < /ig < 21 


- 


- 


- 


max. 2,00 
av. 1,80 
min. 1,00 


max. 2,00 
av. 1,80 
min. 1,00 


«s even and known 


- 


- 


2,00 


exact 6' 


exact 6' 


"s odd and known 




- 


- 


exact 6) 


exact 6' 



1) Two-point measurement. 

2) Ttnree-point measurement, summit, a = 90°. 

3) Three-point measurement, summit, a = 120°. 

4) Three-point measurement, rider, a = 90°. 

5) Three-point measurement, rider, a = 120°. 

6) If multiplied by factors F according to table 5. 



Table 3 — 72° and 108°, symmetrical setting 



^~'"*~-— ......^^^ Combination of 

'■^^...^^^^ settings 
Number "'~--«..,__^ 
of undulations, n^ '""'~--*..,^^ 


21) 
and 3S 72° 2) 
and 3S 108° 3) 


21) 
and 3R 72° *' 
and 3R 108° 5) 


21) 


3S 72° 2) 
and 3S 108° 3) 


3R 72° 4) 
and 3R 108° 5) 


"s unknown, but assumed to be 
2 < f2s < 18 


Factors F 


max. 2,62 
av. 2,09 
min. 1,38 


max. 2,70 
av. 2,11 
min. 1,38 


- 


- 


- 


"s even but unknown, but assumed 
to be 2 < «s < 22 


- 


- 


2,00 


max. 2,70 
av. 1,00 
min. 0,38 


max. 2,70 
av. 1,04 
min. 0,62 


ng odd but unknown, but assumed 
to be 3 < ^s < 17 


- 


- 




max. 2,62 
av. 2,06 
min. 1,38 


max. 2,62 
av. 2,06 

min. 1,38 


rjj even and known 


- 


- 


2,00 


exact 6) 


exact 6) 


ig odd and known 


- 


- 


- 


exact®' 


exact 6' 



1) Two-point measurement. 

2) Th'ec -point measurement, summit, a = 72°. 

3) Three-point measurement, summit, a = 108°. 

4) Three-point measurement, rider, a = 72°. 

5) Three-point measurement, rider, a = 108°. 

6) If multiplied by factors F according to table 6. 
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Table 4 - 60°/30° and 120°/60°, asymmetrical setting 



^^■^«^^ Combination of 
^^^^..^^^ settings 
Number ' ~.....,^^^ 
of undulations, rt^ '-'---^^^^^ 


21) 

and3S 
60°/30° 2) 


2 1) 

and3S 

600/30° 2) 

and 3S 90° 3' 


21) 

and 3S 

120/60° 4) 


21) 

and 3S 

120°/60° * 

and 3S 90° 3) 


21) 


3S 
60°/ 30° 2) 


3S 

120°/60° 4) 


n^ unknown, but assumed to be 
2 < ^s < 10 


Factors F 


2 


max. 2,41 
av. 2,04 
min. 2,00 


max. 2,38 
av. 2,08 
min. 2,00 


max. 2,41 
av. 2,13 
min. 2,00 


- 


max. 2,00 
av. 1,60 
min. 0,73 


max. 2,38 
av. 1,69 
min. 0,42 


n^ unlcnown, but assumed to be 
2 < «3 < 22 


- 


max. 2,73 
av. 2,07 
min. 2,00 


- 


max. 2,41 
av. 2,11 
min. 2,00 


- 


- 


- 


«s even but unknown, but 
assumed to be 2 < /ij < 22 


- 




- 


- 


2 


max. 2,73 
av. 1,41 
min. 0,73 


max. 2,38 
av. 1,45 
min. 0,42 


n^ odd but unknown, but 
assumed to be 3 < «s < 9 


2 


2 


2 


2 


- 


2 


2 


Hg odd but unknown, but 
assumed to be 3 < n^ < 21 


- 


2 


- 


2 


- 


- 


- 


"s even and known 


- 


- 


- 


- 


2 


exact 5) 


exact 5) 


«s odd and known 


- 


- 


- 


- 


- 


exact 5) 


exact 5) 



1) Two-point measurement. 

2) Three-point measurement, summit, a = 60°; fi = 30°. 

3) Three-point measurement, summit, a = 90° (symmetrical setting). 

4) Three-point measurement, summit, a = 120° ; fi = 60°. 

5) If multiplied by factors F according to table 7. 
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Table 5 - Factors F for 90° and 120°, 
symmetrical setting 



Table 6 - Factors F for 72° and 108°. 
symmetrical setting 



Number 
of undu- 
lations. 


Factors F 


21) 


3S 90° 21 


3S 120° 3) 


3R 90° 4) 


3R 120° 5) 


2 


2 


1 


1,58 


1 


0,42 


3 


_6) 


2 


1 


2 


1 


4 


2 


0,41 


0,42 


2,41 


1,58 


5 


_6) 


2 


2 


2 


2 


6 


2 


1 


0,16 


1 


2,16 


7 


_6) 


„6) 


2 


_6) 


2 


8 


2 


2,41 


0,42 


0,41 


1,58 


9 


_6) 


_6) 


1 


_6) 


1 


10 


2 


1 


1,58 


1 


0,42 


11 


_6) 


2 


_6t 


2 


_6> 


12 


2 


0,41 


2,16 


2,41 


0,16 


13 


_6) 


2 


_6) 


2 


_6) 


14 


2 


1 


1,58 


1 


0,42 


15 


_6) 


_6) 


1 


_6) 


1 


16 


2 


2,41 


0,42 


0,41 


1,58 


17 


_6) 


_6) 


2 


-61 


2 


18 


2 


1 


0,16 


1 


2,16 


19 


_6) 


2 


2 


2 


2 


20 


2 


0,41 


0,42 


2,41 


1,58 


21 


_6) 


2 


1 


2 


1 


22 


2 


1 


1,58 


1 


0,42 



1) Two-point measurement. 

2) Three-point measurement, 

3) Three-point measurement, 

4) Three-point measurement, 

5) Three- point measurement, 

6) In this case the method 
roundness. 



summit, a = 90°. 
summit, a = 120°. 
rider, or = 90°. 
rider, a = 120°. 
gives no indication of deviation from 



Number 
of undu- 
lations. 


Factors F 


21) 


3S 72° 2) 


3S 108° 3) 


3R 72° 4) 


3R 108° 5) 


2 


2 


0,47 


1,38 


1,53 


0,62 


3 


_6) 


2,62 


1,38 


2,62 


1,38 


4 


2 


0,38 


_6) 


2,38 


2 


5 


-6) 


1 


2,24 


1 


2,24 


6 


2 


2,38 


_6) 


0,38 


2 


7 


_6) 


0,62 


1,38 


0,62 


1,38 


8 


2 


1,53 


1,38 


0,47 


0,62 


9 


_61 


2 


_6) 


2 


_6) 


10 


2 


0,70 


2,24 


2,70 


0,24 


11 


-6) 


2 


_6) 


2 


_6) 


12 


2 


1,53 


1,38 


0,47 


0,62 


13 


-6) 


0,62 


1,38 


0,62 


1,38 


14 


2 


2,38 


_6) 


0,38 


2 


15 


_6) 


1 


2,24 


1 


2,24 


16 


2 


0,38 


_6) 


2,38 


2 


17 


_6) 


2,62 


1,38 


2,62 


1,38 


18 


2 


0,47 


1,38 


1,53 


0,62 


19 


_6) 


_6) 


_6) 


_6) 


_6) 


20 


2 


2,70 


2,24 


0,70 


0,24 


21 


-6) 


_6) 


_6) 


_6) 


_6) 


22 


2 


0,47 


1,38 


1,53 


0,62 



1) Two-point measurement. 

2) Three-point measurement, summit, a = 72°. 
31 Three-point measurement, summit, a = 108°. 

4) Three-point measurement, rider, a = 72°. 

5) Three-point measurement, rider, a = 108°. 

6) In this case the method gives no indication of deviation from 
roundness. 
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Table 7 - Factors F for 120° /60° and 60°/30°, 
asymmetrical setting 



Table 8 — Factors F for 60", 
symmetrical setting 



Number of 
undulations. 


Factors F 


21) 


3S120°/60°2) 


3S60°/30°3) 


2 
3 


2 

_4) 


2,38 
2 


1,41 
2 


4 
5 


2 

-41 


1,01 
2 


1,41 

2 


6 
7 


2 

_4) 


0,42 
2 


0,73 
2 


8 
9 


2 

_4) 


1.01 
2 


1,41 
2 


10 
11 


2 

_4) 


2,38 

-4) 


1,41 

_4) 


12 
13 


2 

-4) 


1,58 

_4) 


2,73 

_4) 


14 
15 


2 

_4) 


2,38 
2 


1,41 
2 


16 
17 


2 

_4| 


1,01 
2 


1,41 
2 


18 
19 


2 

_4) 


0,42 
2 


0.73 
2 


20 

21 


2 

_4) 


1,01 
2 


1,41 
2 


22 


2 


2,38 


1.41 



1) Two- point measurement. 

2) Three-point measurement, summit, a = 120°; P = 60°. 

3) Three-point measurement, summit, a = 60° ; jS = 30°. 

4) In this case the method gives no indication of deviation from 
roundness. 



Number of 


Factors F 1 


"s 


3S 60° 11 


3R 60° 2) 


2 


_3) 


2 


3 


3 


3 


4 


_3) 


2 


5 


_3) 


_3) 


6 


3 


1 


7 


_3) 


_3) 


8 


_3) 


2 


9 


3 


3 


10 


_3) 


2 


11 


_3) 


_3) 


12 


3 


1 


13 


_3) 


_3) 


14 


_3) 


2 


15 


3 


3 


16 


-3) 


2 


17 


_3) 


_3) 


18 


3 


1 


19 


_3) 


-31 


20 


_3) 


2 


21 


3 


3 


22 


_3) 


2 



1) Three-point measurement, summit, a = 60°. 

2) Three-point measurement, rider, a = 60°. 

3) In this case the method gives no indication of deviation from 
roundness. 



Table 9 — Measuring anvils 

Dimensions in millimetres 



Surface form 


Anvil radius 


Surface radius 


Convex surface 
(spherical) 

Convex edge 
(cylindrical) 


2,5 
2,5 


All 
All 


Concave surface 
(spherical) 

Concave edge 
(cylindrical) 


2,5 
2,5 


>10 
>10 


Concave surface 
(spherical) 

Concave edge 
(cylindrical) 


0,5 
0,5 


<10 
<10 



NOTE — In the case of the external measurement using the two-point 
method, the flat type anvil (radius = oo) shall be used. 
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Annex 

Roundness measurement by two- and three-point methods 
Worked examples of the use of factors F 



A.I Example 1 

A centreless ground wprkpiece is to be checked. It is known 
that a three-lobed shape is present. 

Available measuring equipment measures two-point; three- 
point, summit, a = 72°; and three-point, summit, a = 108°. 

Measured results obtained 

2 3S 72° 3S 108° 

A 1 |im 8 Hm 3 pm 



A. 1.1 Calculation of the departure from 
roundness 

For three sinusoidal undulations, table 6 shows : 

2 3S 72° 3S 108° 

F not applicable 2,62 1,38 

8 3 

<5 (= A IF) not applicable = 3 urn = 2 uin 

2,62 1,38 

Take as the departure from roundness the maximum value of d, 
i.e. 

^max = 3 Mm 



A.2 Example 2 

A turned cylindrical bore is to be checked. 

Available measuring equipment measures two-point; three- 
point, summit, a = 90°; and three-point, summit, a = 120°. 



2 
2 Mm 



3S90° 
30 Mm 



38 120° 
27 Mm 



A.2.1 Calculation of the departure from 
roundness 

By comparing the results obtained with the given factors F 
(two-point near zero, 90° and 120° values almost equal), table 5 
indicates that there are 5 or 19 sinusoidal undulations. 

For 5 and 19 lobes, the following factors F are given : 

2 3S 90° 3S 120° 

F not applicable 2 2 

30 27 

J(= AIF) not applicable — = 15 Mm — = 14 Mm 



Take as the departure from roundness the maximum value of S, 
i.e. 

<5max = 15 Mm 



A. 1.2 Approximation of the departure from 
roundness 



F = 2 



= 4 Mm 



A.2.2 Approximation of the departure from 
roundness 



F= 2 



30 



= 15 Mm 
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Telephones : 2323 0131, 2323 3375, 2323 9402 ( Common to all offices ) 

Regional Offices : Telephone 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg / 2323 7617 

NEW DELHIl 10002 1.23233841 

Eastern : 1/14 C. 1. T. Scheme VII M, V. I. P. Road, Kankurgachi J"2337 8499,23378561 

KOLKATA700054 123378626,23379120 

Northern: SCO 335-336, Sector 34-A, CHANDIGARH 160022 r603843 

1609285 
Southern : C. I. T. Campus, IV Cross Road, CHENNAI600 1 13 r2254 1216,2254 1442 

1.22542519,22542315 

Western : Manakalaya, E9 MIDC, Marol, Andheri (East) r2832 9295, 2832 7858 

MUMBA1400093 L2832789li28327892 

Branches: AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. 
FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. 
LUCKNOW. NAGPUR. NALAGARH.PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. 
VISAKHAPATNAM. 
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